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Introduction 
The use of persistent insecticides in agriculture to in­
crease food and fiber production is widespread. Their effec­
tiveness in increasing crop yields is widely acknowledged and 
continues to stimulate their use. Persistent insecticides 
considered solely from the context of human food production 
clearly increase the capacity of a given tillable area of 
land to support human life. A more complete assessment of 
the value of persistent insecticide use for human life re­
quires an expanded context that includes the effects of 
ingesting quantities of these insecticides. 
Some ssesbers of the organochloriBe class of Insecticides 
are resistant to chemical breakdown in both the environment 
and the animal body, and are only slowly excreted from the 
organism. These properties coexistant yith insecticide 
ingestion above excretion rate result in appreciable body 
residues of the organochlorine. In addition# carnivores tend 
to have higher body residues than other animals because their 
diet normally includes animals that have a body residual of 
organocKlorine higher than is common in plant foods. The 
organochlorine insecticides aldrin, dieldrin- endrin- and 
telodria have been discussed in terras of their danger to 
humans on long term, low-level exposure (Jager, 1370). 
Fredictioris for future husau population are universally 
upward in substantial numbers. Alternative solutions for in­
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creasing crop yields through insect control may prove to be 
less effective than use of persistent insecticides. If so, 
it is reasonable to expect continued, or even accelerated 
pressure to use persistent insecticides for increased crop 
production. 
Consequently, it becomes important to ascertain the 
human toxicosis that results from the ingestion of 
organochlorine insecticides, not only at the current 
relatively low levels of eiposure, but also at substantially 
higher levels which may occur in the future or be currently 
applicable to selected occupations- Another possibility 
which can result ftoa a void of information on human 
insecticide toxicosis is an alarmed over-reaction against 
their use. Such a reaction could result in a ban on the use 
of persistent insecticides without regard for their contribu­
tion in sustaining human life. Knowledge relevant to human 
ingestion of persistent insecticides? at low levels of expo­
sure, is crucial in a determination of their proper use. 
such knoîfieâge also provides a necessary basis for a defease 
against emotional positions held contrary to fact. 
Behavioral toxicology 
Traditional toxicology has concentrated on body 
residues, organ weight changes, histopathologies, and gross 
immediately observable behaviors that result fros exposure to 
toxins. Usually not considered are the effects of toxic 
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agents on learning, perception, or memory, even when the 
poison is known to be a neurotoxicant. Such exclusion 
precludes an assessment of central nervous system functions 
that are extremely important in human life and which should 
be an ultimate concern in human neural toxicosis (Ruffin, 
1963) . 
Behavioral toxicology is a term often used to describe 
research which relates the effects of toxic substances to 
animal behavior (Brody? 1959). The Behavioral Toxicology 
Laboratory at Iowa State University has been the site of sev­
eral studies on sheep behavior and toxicity, Maland trained 
sheep to discriminate between two-dimensional stimulus sets 
displayed in the choice arms of a "Y" maze (VanGelder, Buck, 
Sandler, fîaland and Karas, 1970). Shock avoidance was used 
as the reinforcement. Three stimulus sets sere presented to 
the sheep. Dieldrin at daily, oral doses of 10 rag/kg 
retarded rslsarning of the initial stimulus set and increased 
response latency. The second and third stimulus sets were 
presented between the learaing and rslsarning opportunities 
on the first stimulus set= Sandler trained sheep on an 
operant vigilance task {Sandler, VanGelder» Elsberry^ Karas 
and Buck, 1369) . Food deprived sheep were rewarded with 
cracked corn when they responded to a 0.1 second tone against 
a white iioise bacicground. Time oats were used to punish re­
sponses that occurred more than five seconds after the tone. 
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Fully trained sheep were subsequently exposed to daily, oral 
doses of dieldrin (20.0 mg/kg). They lost their ability to 
systematically earn reinforcements by the third day of expo­
sure. Three of the four animals regained their proficiency 
on the task two to five days following the last dose. Con­
tinued work with sheep on the same task at lower dosages (0.5 
to 5.0 mg/kg) has shown the task to be sensitive to dieldrin 
exposure at these levels.* 
Organochlorine insecticide toxicosis has been demon­
strated with behavior at other laboratories. Khairy (1960) 
tested rats dosed with 25-50 ppm dieldrin in the diet= Thic 
is approximately equal to 1-25-2.50 mg/kg if the rat eats 
food at the rate of five percent of its body weight per day. 
Straight alley running speed sas reduced if the rats carried 
50 gm weights, but running speed was not affected without the 
extra weight. 
Two stadias with monkeys have been reported. Thomsen 
(1969) used stumptail monkeys (Hacaca speciosa) and studied 
the effects of endrin on an overtrained fixed ratio schedule 
that regaired 40 responses for a reward <?R-40), Food rein­
forcement was given and the monkey's entire daily ration was 
earned on the FB-yO task, after several weeks of behavioral 
iG. A. VanGelder, personal communication, April 10, 
1972. 
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training, endrin (0.02 mg/kg) was administered orally once 
per day while the animal was in the test cage. Each monkey 
was given daily behavioral test sessions of one hour in the 
morning and one hour in the afternoon. Food consumption in 
the test chamber, daily water consumption, and a measure of 
the monkey's manipulatory behavior during the test session 
were the major dependent variables. Endrin lowered both food 
(p < 0.10), and water consumption (p < 0.01), During por­
tions of the study white noise was presented at intensities 
of 40, 75, and 100 db. The four animals in the endrin group 
had more manipulations per hour as the sound level was in­
creased» The control group displayed a similar pattern 
except that its manipulatory behavior decreased at the high­
est level of SOÛÛU intensity (100 db), The author suggested 
that a lower level of emotional arousal in the endrin group 
accounted for the interaction of manipulation and sound in-
tensityo The reduced appetitive behavior for food and water 
in the endrin group was interpreted to be secondary to the 
suggested emotional arousal reduction» Corticosteroids and 
catecholamines sere suggested as mediating the reduced 
emotionality. This study is of particular interest because 
the dosage is the lowest organochlorine level known to affect 
a behavioral task. The compound endrin, however, is not 
persistent in primates, and its acute toxicity is considered 
to be four to five times that of dieldrin (Jager, 1970, p. 
6 
83) .  
The remaining study (Lattal and Wilbur, 1971) used 
rhesus monkeys (Macaca mulatta) exposed to dieldrin. Delayed 
response discrimination training and testing were carried out 
in a Wisconsin General Test Apparatus (WGTA) with two food 
wells. Forty object discrimination trials per day were given 
with a 30 second intertriai interval. A response delay of 10 
seconds was required. The six monkeys were proficient on the 
task before being exposed to dieldrin» Several dosing proce­
dures were used. A (i. 0 rag/kg intravenous injection given to 
anesthetized sonkays under the influence of Flaxedil 
(gallaaine triethiodide) was the initial dose and was given 
once. In addition, two of the six monkeys received weekly 
doses (2oO mg/kg) given intramuscularly. Subsegucntly the 
same two monkeys received three daily intramuscular injec­
tions (2.0 mg/kg). No behavioral sessions or dosing proce­
dures were conducted during a 30 day period which began after 
the first behavioral tests under exposure were completed. 
Daily behavioral aeasures were obtained for several days sab-
sequent to each dosing procedure^ measures obtained during 
the behavioral testing included response latency# percent 
correct responses for the day, and latency to eye contact be­
tween the experimenter and the monkey at the beginning of a 
trial. Lattal and Wilbur concluded that the uieldriri isjec^ 
tions had no consistent effect on any of the behavioral meas­
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ures collected during the experiment. 
DieIdrin exposure levels, acute and çj^oniç 
Acute dieldrin toxicosis in man normally occurs 20 
minutes to 24 hours after the toxic exposure. Symptoms 
include headache, dizziness, nausea, general malaise, 
vomiting, muscle twitchings, myoclonic jerks, and 
convulsions. Deaths have resulted from anoxemia (Hayes, 
1957, 1963; Hoogendam, Versteeg, and DeVlieger, 1962, 1965; 
Kazantzis, McLaughlin, and Prior, 1964; Nelson, 1953; Princi, 
1957). The foregoing symptoms occur with high dosage intakes 
that may occur with accidental exposures or suicide attempts. 
It has seàii estimated that a single oral dose of sis grass 
would be lethal to humans (Hodge, Boyce, Deichmann, and 
Kraybill, 1967). 
The highest level of exposure that does not cause any 
biological change in the organism is called the "no effect 
level." The highest level of exposure that does not cause 
any adverse change in the animal, has been defined as the "no 
adverse effect level" (Jager, 1959, p^ 26)= The no effect 
level for dieldrin on monkey liver enzymes is between 0.5 ppm 
and 1=0 ppm fed in the diet over a five year period. These 
dietary levels are approximately equivalent to 0.025 mg/kg 
and 0.050 mg/kg per day. 
There are some aho equate so effsct Isvsl *ith i»c 
adverse effect level arguing that any measurable change is 
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adverse. Jager's (1969, p. 27) position argues for a 
meaningful distinction between the two exposure levels. This 
view is cogent because the liver's response to the minimum 
exposure levels which induce liver enzymes and define the no 
effect level is well within normal physiological limits. 
This liver response indicates exposure, and adaptation, but 
not damage (Jager, 1969, pp. 42, 63). The no effect level 
determined by examining the liver of rhesus monkeys (Macaca 
mulatta) fed dieldrin for 36 months was about 0.10 mg/kg 
(Zavon, Tye, and Stemmer, 1967), Examination of other 
systems? s = g=? the central nsrvoas systesif say establish a so 
adverse effect level below exposures which cause liver 
changes, a reduction in an animal's ability to learn may 
occur beloH a diêldclû £«ediiig level of 0,10 mg/kg. If so, 
the no effect level, as it is currently defined by liver 
enzyme induction» would be a higher exposure than the no 
adverse effect level indicated by learning measures. Such 
effects on learning or motivation would be adverse even 
though they may be reversible. Future investigation aay de­
termine that learning asasures are the indices of choice for 
defining no adverse effect levels of persistent 
organochlorine insecticides, and perhaps for other compounds 
as well. 
This study was conducted to obtain further information 
about the toxic effects of dieldrin. The selection of the 
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toxic agent, dose levels, subjects, and behavioral measures 
were chosen to provide a reasonable likelihood of detecting a 
behavioral change, to obtain results relevant to man and to 
achieve the results with reasonable economy. These factors 
are discussed below. 
The sguirrel monkey as test subject 
The squirrel monkey (Saimiri sciureusl was chosen as the 
subject. Its adult weight rarely exceeds 1100 grams (Cooper, 
1968). It is easily obtained from animal dealers in a condi­
tioned state, and a substantial body of research information 
is available (Rosenblum and Cooper? 1968)= The squirrel 
monkey is an arboreal primate aad has well developed vision, 
although not as advanced as higher primates including man 
(Beischsr and Furry, 1964). The squirrel monkey has color 
vision, but there is a deficiency in the red end of the 
spectrum (Miles, 1958). Its visual acuity is good though 
slightly inferior to the rhesus monkey. Co^ey and Ellis 
(1967) determined that an arc of 0.74 minutes could be 
resolved by the squirrel monkey as compared with a 0.65 
minute arc resolved by the rhesus monkey. These vaines based 
on behavioral criteria are consistent sith anatomical and 
physiological examinations (Rolls and Covrey, 1970) = The 
squirrel monkey and the human are similar in the viewing time 
they give to nonrepreseatational visual patterns (Brows asd 
Gregory, 1968). Squirrel monkeys respond well to two-
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dimensional visual stimuli in learning discrimination tasks 
(Woodburne ard Rieke, 1966) . Squirrel monkeys are in many 
respects similar to man when considered as a model for drug 
studies, but important differences in the metabolism of par­
ticular drugs exist as they also exist for the rhesus monkey 
(Peters- 1971). Such differences are not expected to 
invalidate a generalization from squirrel monkeys to humans 
sith respect to dieldrin exposure^ General descriptions of 
the squirrel monkey for research are provided by Beischer and 
Furry (1964) and by Cooper (1968), Kelleher, Gill, Riddle 
and Cook (1963) recomaead the squirrel aoakey for behavioral 
and pharmacological research» Gerben, Jones, and Saoaks 
(1971) developed a behavioral model using the squirrel monkey 
to evaluate drug therapy. 
The squirrel monkey and discrimination learning 
The squirrel monkey has bees successfully used in a va­
riety of successive discrimination reversal learning studies, 
Rufflbaugh and McQueeney (1963) examined the performance of 
sguicrel monkeys on learning set and discrimination reversal 
tasks. Problem changes based on a learning criterion rather 
than an arbitrary number of trials resulted in more efficient 
acquisition. Gossette (1970) demonstrated that the squirrel 
monkey was a slower learner on a spatial, successive discrim­
ination reversal task when compared with owl monkeys, 
capuchin monkeys, or gibbons. Several studies have compared 
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squirrel monkeys with other species on successive discrimina­
tion reversal performance on a spatial task {Gossette and 
Gossette, 1967; Gossette and Hood, 1968; Gossette and Inman, 
1966; Gossette, Kraus, and Speiss, 1968). The squirrel 
monkey has also been compared with other species on non-
spatial successive discrimination reversal learning with a 
brightness cue (Gossette and Kraus, 1968; Gossette, 1969). 
Jeeves and minefield (1969) studied discrimination-reversal 
skills using an object discrimination. Ranking the five 
monkeys with data on the first problem gave the same ranks as 
yhen data from 100 sets of object discrisinations were used. 
Sumbaugh and Pournelle (1966) established a phyletic differ­
ence that was observable between the discrimination reversal 
scores of apes and syûiiriiéi moukeyâ» Rumbauyh and Ensminger 
(1964) studied squirrel monkeys on discrimination reversal 
tasks with one set of stimuli as opposed to multiple sets of 
stimuli. The single set procedure required more trials to 
reach criterion. This difference was interpreted as a per­
formance factor because subsequent multiple set training did 
not reveal a difference between animals previously exposed to 
the two procedures. 
Other studies with squirrel monkeys have employed dif­
ferent discrimination paradigms» King, Flaningara and Rees 
(1968) compared squirrel monkeys with fox squirrels on a de­
layed response task. The squirrels had better retention than 
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the squirrel monkeys when the delay interval occurred in the 
dark. The squirrels' more efficient use of body orientation 
during the delay interval was used to explain this differ­
ence, Proactive training influences on learning set in the 
squirrel monkey were studied (Ricciardi and Treichler, 1970) . 
Proactive facilitative effects on a standard six-trial-per-
problem learning set task were observed with three different 
discrimination conditions which preceeded the learning set 
measure. Squirrel monkeys were slower learners than spider 
and cebus monkeys on a progressive series of discrimination 
problems (Shell and Siopslls# 1958)= Oddity learning was 
demonstrated in the squirrel monkey (Noble and Thomas. 1970) . 
Cha and King (1969), Harris and Meyer (1971a), and Harris 
and nêyèi; (1971b) taught squirrel monkeys the patterned 
string problems of Finch (1941) and Harlow and Settlage 
(1934) , Nash and Michels (1966) used the squirrel monkey in 
studies of discrimination learning with random, two-
dimensional shapes. Isaac (1969) demonstrated that squirrel 
monkeys work vigorously oa a fixed interval schedule with an 
interval of 80 seconds {FI-8Q"), but the response rate fell 
almost to zero shen the squirrel monkey was in the dark. By 
comparison the o=l aonkey (Aotes) had response rates that 
differ slightly under conditions of light and darkness. 
Squirrel monkeys have acquired a conditional discrimiuatloa 
task (Barge and Thomas, 1969). 
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These studies indicate the popularity of the squirrel 
monkey as a behavioral subject. Nearly all of the discrimi­
nation studies used an appetitive reward. Eye contact was 
generally possible between the monkey and the experimenter, 
because most experiments were carried out with HGTA-like ap­
paratus. 
Selection of the behavioral task 
The particular behavioral task chosen for this study was 
selected to provide a reasonable likelihood of detecting a 
behavioral change. Accordingly, several spheres of knowledge 
were examined and integrated^ A general survey of behavioral 
toxicologic studies suggested that learning acguisitios is a 
more sensitive indicator of toxic effects than is the mainte­
nance of a learned task (Mrak, 1969, p. 411; Medved; Spynu# 
and Kagan, 1964). A successive discrimination reversal task 
was selected to take advantage of this property. Successive 
discrissination reversal has tso major acquisition components^ 
The learning acquisition which occurs between reversals, the 
intraproblem acquisition^ can be observed in addition to 
progress toward win-stay? lose-shift behavior. Win-stay per­
formance may occur on a trial following a rewarded trial. If 
it does the monkey will respond to the same stimulus that was 
rewarded on the immediately preceding trial. Lose-shift per­
formance may occur after a aoD-reaarded trial. In this case 
the monkey shifts to the other stimulus and earns a reward. 
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The intraproblem acquisition of the discrimination may be ob­
served in the short term and the acquisition toward win-stay: 
lose-shift performance may be observed over a more extended 
period of time. This adds an important deqree of flexibility 
because it permits relatively long term behavioral monitoring 
of a learning acquisition process during chronic low level 
exposure. 
Successive discrimination reversal has other important 
properties. age was found to impair learning of the task in 
the rat (Jeeves, 1967). In the mouse higher brain weight was 
shown to predict more rapid successive discrimination 
reversal (alias, 1969) = Efficiency of reversal learning was 
found to correlate with performance in the Hebfa-Hilliams maze 
/D^ 196S) ^ în tiis succ^ssi-v^ 
reversal learning has differentiated normal humans from 
retardates (Hajalakshmi and Jeeves, 1965). Improved reversal 
discrimination learning Has associated nith enriched environ­
ments in the rat (Krech, Rosenzweig, and Bennett, 1962). 
Kendler and Kendler (1964) suggested that successive discrim­
ination reversal learning requires mediational processes nec­
essary for language development, Kendler and Kendler (1971) 
defended this position from Goulet's (1971) recent attack. 
These relationships indicate that successive reversal 
discrimination performance is sot as isolated phsncssncn, but 
is related to a number of important properties. Such rela-
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tionships increase the importance of any toxic effects that 
might be shown with a successive discrimination reversal 
task. 
Phyletic status of successive discrimination reversal 
The phylogenetic status of a task used in a behavioral 
toxicology experiment is an important consideration in deter­
mining the importance of the results for human application. 
If the task can be performed equally well by all animals re­
gardless of their phyletic status, then the results apply 
equally to all animals. The behavioral task, however, may be 
performed progressively better, or more efficiently by 
animais phylogerietically closer to man. Behavioral toxicosis 
with such a task may be judged to be more important to man, 
since dysfunction yould be demonstrated on an ability espe­
cially important to the human. 
The phylogenetic status of successive discrimination 
reversal learning has been discussed in the literature. 
Vertebrates performed the task more efficiently than 
invertebrates (Bitteraan, 1365; MacKiatosh, and Cauty. 1971), 
There is not agreement, however, on the ranking within 
mammals-
The reversai index was centrally involved in the argu­
ments on the phyletic aspects of successive discrimination 
reversal l^umxng. Rajalakshmi and Jos vos ^1965* cosputed 
reversal indexes for a variety of species. They used errors 
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or trials to criterion on original acquisition as the 
denominator and the same measure to second reversal as the 
numerator. The resulting index was said to show relation­
ships which acquisition or reversal performance by itself 
does not reveal. One advantage stated for the reversal index 
is its insensitivity to difficulty of original acquisition. 
This implies that the reversal index can be used even when 
simple discrimination learning scores are not related to the 
variables of interest, Rajalakshmi and Jeeves (1965) catego­
rized reversal learning studies, and selected predominately 
those which used a non-spatial visual discrimination to a 
criterion of learning before a reversal occurred. Only one 
stimulus pair was used. Progressing from the rat to cat to 
monkey to human, an orderly decrease in the reversal index 
was observed in the selected studies. 
A contrary position sras advanced by Warrea (1967), He 
asserted on the basis of reversal discrimination data with 
the rhesus and cat that the reversal index does not detect 
comparative learning capacity differences and is no better 
than the acquisition and reversal scores considered separate­
ly, Warren (1966) , however# detected a difference in 
reversal learning between cats aad rhesus monkeys. The 
monkeys went on to acquire win-stay: lose-shift performance, 
whereas, thé cat did not. Successive discriisination training 
facilitated acquisition of a learning set to a series of mul­
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tiple discrimination problems, but the cats showed no trans­
fer. Many of the negative results that Barren has documented 
concerning the reversal index have involved lumping spatial 
with non-spatial discrimination studies. He also varied the 
time of deprivation between zero and 23 hours while using 
small rewards in the cat (Warren, 1967). Small rewards have 
tended to increase the differences between high and low drive 
rats on successive discrimination reversal performance 
(Feldman, 1968). Warren's deprivation procedure may have 
contributed to the low stability of the reversal index ob­
served (Warren^ 1967)= Warren's (1967. 1969a) conclusion 
that the reversal index sas iassusitive to ontogenetic varia­
tion was based on an age span of 1 1/2 to 6 months in the 
cat, shorter than the comparative age span of the rat study 
where an age relationship was obtained with the reversal dis­
crimination index (Jeeves, 1967). 
The foregoing controversy on the phyletic hypothesis 
appears to support the phyletic status of successive discrim­
ination reversal learning. Warren's data do not appear as 
strong as that collected from a variety of other 
investigators. His theoretical view which allowed him to 
compare dogs and cats with monkeys appeared to be undercut by 
Hodos and Campbell's (1969) comparative psychology considera­
tions. They have argued convincingly that all living aniaals 
should not be arranged in a continuous phylogenetic scale 
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with man at the top. Unqualified comparisons of cats and 
dogs with monkeys involve comparisons between animals having 
diverse ancestoral lineages. Such comparisons, however, do 
not provide evidence against the comparative value of 
reversal index scores, as implied by Barren. 
It appears that successive discrimination reversal 
learning requires capabilities especially important to and 
better developed in the human. Kendler and Kendler (196%) 
suggested that this important capability is the mediational 
process which develops into language with the human. 
It is clear that the ability to perform a reversal dis­
crimination is general among vertebrates (Bittarsan, 1965). 
Hence, behavioral toxicosis demonstrated with the task is of 
general importance to vertebrates. In addition, it appears 
that behavioral toxicosis demonstrated with successive dis­
crimination reversal learning has particular importance for 
humans« 
The following review of brain function alteration and 
successive discrimination reversal learning vas carried out 
to judge the task's sensitivity to brain damage. This infor­
mation was important because electrocortical disruptions are 
caused by dieldrin {Van Gelder, Sandler, Buck, iialand, and 
Karas. 1969; Santolucito and Morrison, 1971; Elsberry, 1972), 
Frontal lobe decortication or removal ceuucss the suc^ 
cessive discrimination reversal learning ability of monkeys 
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(Harlow and Dagnon, 1943; Moss and Harlow, 1948; Hahut, 
1971), and other animals (Warren, 1964). In rats damage of 
the caudate or dorsomedial thalamic nucleus appears to cause 
a successive discrimination learning deficit (Divac, 1971). 
Hyperstriatal lesions in pidgeons (MacPhail, 1971) caused a 
reduction in reversal learning. Electrical stimulation in 
inferotemporal and occipital cortex (Goldrich and Stamra, 
1971) and chemical eleptogenic implants in the anteriomedial 
temporal cortex (Stamm and Rosen, 1971) disrupted successive 
discrimination reversal learning in monkeys. Whole head x-
ray (Tsai and Chandler- 1971). and cortical and hippocampal 
spreading depression (Hart and Gsyer,1971) have interfered 
with successive discrimination reversal learning. A number 
of these reports indicated that successive discrimination 
reversal learning sas sensitive to the altered brain when 
ether behavioral measures were act affected. This informa­
tion was considered in conjunction sith the foregoing 
electrophysiologic studies. It was concluded that dieldrin 
exposure would probably affect successive reversal discrimi­
nation. 
Purpose 
The purpose of this study was to use successive discrim­
ination learaiag with the squirrel monkey, and to develop a 
behavioral toxicity test for the orgaaochlorine iaseeticide, 
dieldrin. Two daily, oral doses were chosen: 0.10 mg/kg and 
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0.01 mg/kg. These levels straddle the no effect level for 
monkeys based on liver enzyme induction. 
21 
Methods 
Subjects 
Twelve male squirrel monkeys (Saimiri sciureus) were ob­
tained from Tarpon Zoo of Tarpon Springs, Florida. Tarpon 
Zoo had kept them captive for a minimum of 90 days. During 
this period they were adapted to a high protein monkey chow 
diet, wormed, and maintained in captivity under observation. 
They were shipped via air freight in two shipments of six 
monkeys each to Des Moines, Iowa. The monkeys were then 
transported to the Behavioral Toxicology Laboratory, Ames, 
Iowa via an airconditioned station wagon. Several months 
elapsed between the two shipaeatso 
Cage arrangements 
On arrival at the laboratory each shipment of six 
monkeys was placed in a large community cage. Approximate 
dimensions of the cage were 7 ft. high, 4 ft, wide, and the 
length of the cage varied; length at the floor was 8 ft-,. 
this was reduced to 6 ft. at the roof of the cage. Two 
incandescent lights were built iato the roof of the cage to 
provide illumination. Welded wire screen 1 in. by 2 in. was 
placed throughout the interior of the cage. Two perches were 
constructed from 1 in. hardwood dowel rods. The lover perch 
was about 2 ft. from the floor and spanned the 4 ft. width of 
the cage. The higher perch was apprcxisatsly 5 ft. from the 
floor and ran parallel to the low perch. The two perches 
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were placed so that the lower perch was not directly beneath 
the higher one. Quarter-inch plywood covered the roof, one 
end, and one length of the cage. The lower half of the other 
length was also covered by 1/4-in. plywood. One door 7 ft. 
by 1 1/2 ft. opened inward toward the far end of the cage. 
Four stainless steel automatic watering founts^ were 
provided in the cage. The entire cage, excluding the welded 
wire was painted with a light green epoxy enamel. Three 
stainless steel feeders^ were installed about 4 ft. from the 
floor. Beneath the cage, four large drop pans were provided 
to catch waste materials They were periodically cleaned and 
filled with pine woodchips. Monkey chow^ was placed in the 
feeders ad lib for the initial few days of adjustment. 
Thereafter the appropriate quantity of chow was placed in the 
feeders in late afternoon. Roasted unsalted peanuts were fed 
as a supplement, but this was discontinued after the monkeys 
had become adapted to their new surroundings. The monkeys 
were allowed to live in the community cage for a minimum 
period of 1 1/2 months. 
2Type LV-lOG aaaufactured by Valentine Sguipraent 
Company, 2630 s. Arthington St. Chicago, Illinois 60612. 
'Type LC-249 manufactured by Sahmann Manufacturing 
Company, P. 0. Bos 6883, Baltimore, Maryland 21204, 
•Wayne Monkey Diet manufactured by Allied Mills, Inc. 
Chicago, Illinois 60606. 
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Later each monkey was moved to an individual cage, at 
least one month prior to any behavioral manipulations. Two 
types of individual cages were used. Six commercial 
stainless steel cages® measured 18 in. wide, 24 in. deep, and 
32 in. high were used. They had heavy 3/4-in. mesh floors 
and a drop pan beneath the floor. The ceiling and rear of 
the cage were solid metal panel, as was the lower half of the 
sides. The top half of the sides was 1-in, heavy mesh wire. 
Two widths of galvanized pipe were suspended from side to 
side 11 1/2 in. below the ceiling and 8 in. behind the front 
of the cage. The monkeys spent nearly all of their time on 
this perch. One automatic ^atsr fount was installed in sack 
cage. 
Eight more individual cages were constructed in the lab­
oratory. Two side panels of 1/4-ia. plexiglass were used. 
They measured 14 in, deep and 32 in. high. The lower rear of 
the cage was a 13 in. by 15 ia. panel of plexiglass; its 
upper edge was 10 in. below the ceiling of the cage. The 
lower portion of the cage front was a plexiglass door which 
slid vertically and was raised to open the door^ The door 
yas designed to be compatible sith the commercial carrying 
cage supplied with the commercial individual cages. The 
SType AC-3889-I1K(A) manufactured by Acme fiesearch Prod­
ucts, 5500 Muddy Creek Road, Cincinnatti, Ohio 45238. 
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other areas of the cage (ceiling, floor and upper halves of 
the front and rear) were made of 3/16-in. stainless steel rod 
spaced in parallel fashion 1 1/2 in. center to center. This 
was accomplished by drilling holes in the edges of the side 
panels. Lengths of rod (13 1/2 in.) were threaded with a 
10-32 die. Four number 10 stainless steel hex nuts were used 
with each rod. With the rod in place one nut on each end of 
the rod was tightened against the interior portion of each 
side panel. The other nut on each end of the rod was 
tightened against the exterior portion of the side panel. 
Thus the side panel gas sandwiched between two nuts at the 
two extremes of each rod. This provided a strong efficient 
cage. Eight galvinized drop pans were constructed from sheet 
metal. Their dimensions usrs 2 in. high, 13 in. Hide and 14 
in- long. The floor of stainless steel bars was 6 in. above 
the drop pan. An automatic watering fount identical to that 
used in the other cages vas installed in the ceiling of the 
cage, and the same type of feeder used on the community cage 
was hung with aluminum strap hooks onto the front of the 
cage. It could be removed easily^ 
Colony rooms 
The set of six commercial individual cages and the set 
of eight plexiglass individual cages were housed in two 
colony rooms each having an indepêauent exhaust fas. Each 
room had a timed relay switch which was used to control the 
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lights in each room. & 12 hour on and 12 hour off day-night 
cycle was used in each room. Central air conditioning during 
the summer months, and propane gas heat during the winter 
maintaintained a living temperature close to the monkeys 
optimum. During the winter months two room air humidifiers 
were used. Relative humidity at or greater than 30% was suf­
ficient to avoid respiratory disease. Laboratory personnel 
always wore a dust mask® when in either colony room, or near 
a monkey. 
Chair restraint versus the test cage 
It was necessary to consider two methods of working with 
the squirrel monkey, namely, a restraint chair versus a test 
cage. Chairing the monkey has important advantages, particu­
larly with large specxss tnat can «se destructive and hard to 
contain if they can use their body momentum. It also gives 
the experimenter direct control of the body orientation of 
the monkey. The amouxit of iîody momentum a sguxrrel monkey 
can generate is limited by its maximum weight of about 1300 
gso With respect to maintaining body orientation it was an­
ticipated that secondary reinforcement effects could achieve 
the desired orientation beyond that obtainable with chair 
'Non-toxic particle mask No. 8500, ùîanufaetiitèu by 
Minnesota Mining and Manufacturing Company, 3 M Center, St. 
Paul, Minnesota 55101-
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techniques. It would be tedious to physically restrain the 
eyes, and most chairs do not accomplish this, but secondary 
reinforcement can be used to direct eye fixation. In addi­
tion, chair restraint to force attention does not necessarily 
reduce interference (Jarrard, and Moise, 1970). 
There are additional reasons for not chairing squirrel 
monkeys in behavioral experiments. Plasma Cortisol levels 
tend to be very high in the squirrel monkey, and chair 
restraint further elevates these levels (Brown, Grota, Penney 
and Reichlin, 1970). Thus chairing the monkey tends to 
exaggerate a difference between squirrel monkeys and humans» 
Tha increased Cortisol levels indicated extreme stress for 
the chaired squirrel monkey, because its adrenal glands were 
stimulated to the point of maximum secretion- This probably 
causes difficulty in adapting the monkey to the test situa­
tion. Carbohydrate metabolism can be affected by high levels 
of Cortisol (Brown et al,, 1970)? This can be particularly 
important if sugars are used for a reward in the test situa­
tion . 
The evidence for increased arterial hypertension in 
squirrel monkeys performing a behavioral task has been docu­
mented (Herd, Horse, Kelleher- and Jones. 1969) , While their 
information is based on tasks using only noxious reinforcers 
they to not restrict their generalisation to this type of so= 
tivation. 
In view of the stress indicated by high blood pressure 
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and high Cortisol levels it did not seem desirable to add the 
additional stress of chairing the monkey. Instead a test 
cage approach was used with an unrestrained monkey. 
Test environment 
Figure 1 shows the test environment with the laboratory 
computer in the background. The carrying cage (Figure 1, D) 
is shown temporarily attached to the test cage for animal 
transfer- The isolation box was placed beneath a furnace 
(Figure 1- H), A continuous fan in the furnace helped to 
mask noise external to the box. A test cage similar to the 
laboratory built individual cages was constructed. Its width 
was 17 in., 4 ia. wider than the individual cages. The 
spacing of the front bars was modified to accommodate an in­
telligence panel. In addition, a removable floor was 
attached at perch level, so the monkey could be confined to 
the upper portion of the cage during the test sessions. The 
test cage was supported on a chair frame? inside an isolation 
chamber,® 
TModel number 194-01 manufactured by Lehigh Valley Elec 
tronics. Inc., Box 125, Fogelsville, Pennsylvania 18051 
ssimilar to model number 132-12 except 4 in. shorter. 
Modified with 10 by 12 in^ one-way observation windov on 
real wall 34 in. above bottom of chamber instead of on side. 
It had an additional 10 in. by 12 in. window 26 iiî^ above 
bottom of chamber centered on door. Ordered with COUSTIFâB 
for sound attenuation. Manufactured by Lehigh Valley Elec­
tronics, Inc. 
Figure 1. Test environment with laboratory com 
putsr in the background. A, intelligeacs panel; B, 
box-like extension; C, TV caaera; D, carrying case; 
water fount; F,- input-output panel; G, speaker: H. 
furnace. 
a\ (N 
k 
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The front of the test cage faced the closed door of the 
isolation chamber, and was approximately 9 1/2 in. from it. 
An automatic water fount was situated in the roof of the test 
cage (Figure 1, E). 
The intelligence panel (Figure 1,A; Figure 3) was con­
structed of 1/8-in. aluminum sheet. It was fastened to the 
door by a box-like enclosure (Figure 1, B) constructed from 
1/8-in. aluminum sheet. The outer face of the intelligence 
panel was approximately 9 1/2 in. from the door. Placing it 
flush against the upper portion of the front wall of the test 
cage when the door a as closed. The intelligence panel was 
painted black^ to reduce glare and improve contrast» A box-
like enclosure fastening the intelligence panel to the door 
housed the stimuli ànù réifi£oreemeut uêvices. Two stainless 
steel liquid presentation cups^o protruded approximately 1 
in, beyond the panel. The liquid flow to the cups was con­
trolled by two solenoid valves-'. 
9#BR10 Engine Black lacquer, manufactured by Floguil 
Frouucts, Inc., Cobleskill, N. Y. 
10Presentation cup identical to that supplied with sodei 
im-06 liquid solenoid valve- Manufactured by Lehigh Valley 
Electronics,- Inc=, Box 125? Pogelsville- Pennsylvania 
iiModel 8252, stainless steel, normally closed solenoid 
valve, manufactured by Asco Valves, Automatic Switch Company. 
Florham Park, New Jersey 07932 
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Two 110 volt AC relays were connected in parallel to the 
solenoid valves to provide additional sound. 
Figure 2. Data acquisition and environmental con­
trol equipment. h, Lab K; B, TV monitor; C, 
incremental tape recorder; D, real time docks; E, Line 
tape unit; F, teletype; G, patchboard. 
Figure 3. Intelligence panel. J, left stimulus; 
K; csstsr (net used;: t. right stiE^lus; H, 
left pellet trough {not used); N* right pellet trough 
(not used) ; 0, retractable lever (not used) ; P, left 
presentation cup; Q, right presentation cup. 
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The stimuli were presented with small projectors 12 mounted 
behind clear 1/4-in. plexiglass press plates.*3 The 
plexiglass was recessed 3/8 in. behind the face of the intel­
ligence panel. Figure 3 shows the intelligence panel. The 
right and left stimuli "J" and "K" were 6 in. apart. The 
presentation cups "P" and "Q" were 3 in. from their respec­
tive stimuli. The center stimulus "K", the left and right 
pellet troughs "M" and "N" and the retractable lever "0" were 
not used in this study. 
a 40 watt houselight illuminated the isolation box, and 
an sshaust fan maintained fresh air inside the chamber. 
Behavioral task 
a non-spatial successive discrimination reversal re-
quiremewc was combined with a spatial alternation task. This 
technique was designed to minimize the acquisition of posi­
tion habits. It was possible to introduce monkeys to the 
task and study acquisition on a relatively difficult task 
with short intertriai intervals, without encountering posi­
tion habit difficulties. This was accomplished by 
randomizing the left-right position of the stimuli after 
izprojectors were model number 111-90-697 from Lehigh 
valley Electronics- Box 125 Fogelsville, Pennsylvania. 
i^Model SMP-001, manufactured by BRS-Foringer, 5451 
Holland Drive, Beltsville, Maryland 20705 
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correct responses, but not after incorrect responses. Thus, 
an animal did not need stimulus content information to choose 
the correct side after an incorrect response. It could 
simply alternate to the other side to make a correct response 
on the next trial. If a position habit developed, it was 
quickly extinguished because a monkey was not rewarded for 
consistently responding to one side, 
Tho stimuli were used throughout the study: horizontal 
striations and vertical striations. The pattern masks were 
supplied with the projectors (see Footnote 12). Two 
intertriai intervals were incorporated into the task. After 
a correct response 2,5 seconds elapsed between trials, where­
as 5,0 seconds elapsed between trials after an incorrect re-
5pon5^« 
h correct response was rewarded by opening a solenoid 
valve to the presentation cup for 1/4 second. This filled 
the presentation cup on the side of the response with approx­
imately 1/10 CO of sweetened condensed milki* which was 
diluted 50% aith tap water. 
If the monkey did not respond within 30 seconds after 
the onset of the stisuli they vere turned off for 2.5 sec­
onds, and no reward aas given. Such a failure to respond sas 
1•Borden Eagle Brand, sweetened condensed milk 
manufactured by Borden, Inc., New York, N. Y. 10017. 
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called a default. The left-right position of the stimuli was 
not randomized after defaults. 
For initial presentation of the task one of the stimuli 
was arbitrarily designated correct. This initially correct 
stimulus was randomly assigned for each monkey. Two reversal 
criterion were used; 10 consecutive correct responses caused 
the first reversal; thereafter, 15 consecutive correct re­
sponses were required for a reversal of the reward 
contingencies. Whenever a reversal occurred, the previously 
rewarded stimulus became incorrect and the previously 
iacorrect stimulas became the rewarded stimulus. Daily test 
sessions were given to each soakey for 1/2 hour, seven days 
per week. Trials to the reversal criterion were set to zero 
at the beginning of each behavioral session, and the identity 
of the correct stimulus was maintained across days. The 
houselight was illuminated only when the 1/2 hour session was 
in progress. 
hoqxc control and data acquisition 
A logic controller's {Figure 2, h) gas interfaced with 
the isolation box (Figure 1) and a laboratory computer^® 
iSLab K manufactured by Digital Bguipment corporation, 
Haynardf Massachusetts» 
i&Linc-8 computer manufactured by Digital Equipment 
Corporation, Haynard, Massachusetts 01754 
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(Figure 1, D). The logic controller was modified to 
accommodate the behavioral task and accept system control 
from the laboratory computer. Demographic data on each 
animal were recorded via the computer's teletype (Figure 2, 
F) before each test session and were recorded on linci? tape 
(Figure 2, E). The data collected in real time were passed 
from the Lab K to Line tape. 
Following the daily run of all animals the data were 
transferred to seven track magnetic tape with an incremental 
tape writer 18 (Figure 2, C). This tape was compatible with 
the computer at the Computation Center^', The data were re­
corded there to create a master file of iras data. 
Response measures 
Tsc basic response classes were recorded, the 
correctness of the trial and the latency of the response. In 
addition the location of the initially correct stimulus, and 
whether the trial vas in the reversed or initial condition 
was recorded. One record was generated for each trial. For 
a 1/2 hour session 300 to 500 records sere created for each 
i^Linc magnetic tape manufactured by Digital Equipment 
Corporation, Maynard, Massachusetts 0175% 
iscalma 600 incremental tape recorder manufactured by 
Calma Company, 707 Kifer Hoâu, Sunayvale, California 94086 
^^Computation Center, Iowa State University, Ames, Iowa 
38 
monkey. 
Data reduction 
Responses were classified by relating them to the events 
of the previous trial. Three variables defined a response 
class with each variable having two possible values. The 
previous trial could be either correct or incorrect; the 
present trial was either correct or incorrect; and the 
present response could be made to the same or a different po­
sition than the previous response. Eight possible combina­
tions defined the response classes. Table 1 illustrates 
these definitions. 
Table 1 
Response Class Definitions 
Response 
dsss 
Present 
-a T 
previous Response 
I 
II 
III 
IV 
V# 
VI 
VII 
VIII# 
correct 
correct 
incorrect 
incorrect 
correct 
correct 
incorrect 
correct 
correct 
correct 
correct 
incorrect 
incorrect 
incorrect 
incorrect 
same 
different 
same 
different 
same 
different 
same 
different 
# These response classes were disallowed to 
discourage position habits. àS described in "Behavioral task*" 
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A program was written to summarize the data. One record 
per monkey per day was generated. Class I and II were summa­
rized over the longest string of responses correct for the 
day. All valid response classes, including class I and class 
II, were summarized over the remaining trials of the day. 
These summaries were the number of responses in each catego­
ry, and the average latency of the trials within a class. 
The daily summary included: the longest number of 
correct responses in a row, with the restriction that one po­
sition crossover must occur within the correct string; the 
number of reversals: class I plus class II trials to 
reversal; class III plus class IV trials to reversal? class 
VI plus class VII trials to reversal; and the number of 
def ault-s o 
Habituation and handlina procedures 
after the monkeys had become accustomed to their indi­
vidual cages, one or two miniature marshmallosszo were 
offered two hours before their daily chow. If the monkey did 
not eat the aarshsallow, it sas left in his cage, githin two 
weeks all the isoakeys except one (monkey # 9) %ould quickly 
eat a Earshaallos whenever it gas offered. Monkey # 9 never 
ate a marshaallow and was never observed to bite into one 
zoMiniature Harshmallows, manufactured by Kraft Foods, 
Chicago, Illinois 60690 
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during the entire study. 
During this time sweetened condensed milk diluted with 
an equal part of tap water was offered to the monkeys. All 
the monkeys learned to eagerly accept this fluid from a 
disposable syringe. 
all the monkeys in the study were fed^i ad lib for 2 1/2 
hours each day in their home cage. This occurred immediately 
after their daily behavioral session. 
All transportation of monkeys between their individual 
cages and the test cage was done with a small transfer 
cagezz. noaksys were given a quarter of a miniature 
mars&mallow for leaving the home cage and entering the trans­
fer cage. The monkey was then transported to a weighing 
scalers just outside the colony room. additional guâctêC 
sections of miniature aarshmallows were given to the monkey 
while he was being weighed. Transport back to the individual 
cage completed the sequence. After several days of this 
ziWayne Monkey Diet manufactured by Allied Mills, Inc., 
Chicago, Illinois 60606 
22Aluminum transfer cage 12 1/2 in. long by 9 1/4 in. 
wide and 12 in. high, compatible aith cage type 
AC-3889-fiK (A) , both manufactyred by Acme Research Products, 
5500 Muddy Creek Road# Cincinnatti# Ohio 45238-
230haus solution balance, 20kg, available from Arthur u. 
Thomas Company, P. 0. Box 779, Philadelphia, Pennsylvania 
19105 
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weighing procedure the monkey was transported to the test 
cage after being weighed. He was offered more sections of 
marshmallow while in the test cage, and then transported back 
to his individual cage. Over a two week interval the time 
spent in the test cage was lengthed to 10 minutes. During 
the second week the door was gently closed for progressively 
longer times until the entire test session was spent with the 
door closed. 
Training techniques 
A view of the monkey's behavior was available over 
closed circuit television {Figure 2, B) making it possible to 
unobtrusively assess the monkey^s progress whenever neces­
sary. 
Small pieces of marshmallow vers placed on the presenta­
tion cups before the isolation door was closed. The monkey 
was observed until he had eaten both pieces of marshmallow. 
The door was reopened and more inarshmallo» was placed in the 
cups, and the door was closed again. This procedure was 
carried out for 10 minutes per day, until the Eonkey would 
quickly eat the Karshaallos at his first opportunity s This 
procedure was continued sscept that the marshmallow was 
gradually decreased and more sweetened condensed milk was put 
into the cup. Finally the monkey received only sweetened 
condensed milk diluted with an equal portion of tap water in 
the presentation cup. At this point the solenoid valves were 
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used to replenish the cups instead of manually refilling them 
by hand. The monkeys were trained until they would quickly 
approach the cup. 
Next small pieces of marshmallow were attached to the 
press plates so the monkey could eat part, but not all of the 
marshmallow. While the monkey was struggling to get the 
taped marshmallow he accidentally pressed the plate. This 
presented the rewarding liquid in the presentation cup on the 
side of the response. The monkey would go to the cup and 
drink and then struggle with the press plate again. It was 
possible to make the monks*/ respond to the non-preferred 
press plate by reducing the size of the marshmallow on the 
preferred side. By gradually reducing the size of the 
marshmallow on both press plates, the monkeys came to press 
the plate without any marshmallow on it. This procedure was 
lengthy and consumed about one month of daily sessions. 
The procedure for training monkey # 9 varied from that 
used for the rest of the monkeys because he would not try a 
marshmallow. Instead, seeetened condensed Bilk was used in 
the presentation caps from the beginning. He did not 
discover it until fed sweateaed coadenssd milk spread on a 
metal rod similar to the presentation cup, Shen monkey # 9 
discovered the milk in the presentation cup he quickly ate 
it. This monkey responded to conventional shaping techniques 
which was fortunate, because marshmallows would not attract 
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him to the press plates. 
When stable press rates were achieved by all monkeys, 
the stimuli were gradually brightened without disrupting 
pressing behavior. 
At this point all monkeys were placed on the successive 
reversal discrimination task with c.n intertriai interval of 
virtually zero, and a reversal criterion of two correct re­
sponses. In effect the stimuli could not yet indicate reward 
contingencies to the monkey. Gradually over a period of days 
the intertriai interval was increased from 0 to 2=5 secoirdâ, 
and the length of the behavioral session was increased to 30 
minutes per day. How# the onset of the stimuli signaled an 
opportunity to press, but the content of the stimuli was 
still of no use. This schedule was followed for two weeks. 
Pressing behavior was quite stable at this time, and all 
monkeys had learned the spatial alternation component of the 
task. 
Ten correct responses in a row became the reversal cri­
terion and the stimuli content acquired potential meaning for 
the monkeys. For all succeeding reversals 15 consecutive 
correct responses were required before a reversal occurred. 
Nine days were allowed for all the monkeys to have at least 
one reversal, This was required before a monkey was retained 
in the study and assigned to a treataeat group= 
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The daily behavioral sessions were begun at 5:00 P.M. to 
5:30 P.M. and were continued until around 2:00 A.M. the fol­
lowing morning. This schedule was followed on a 
seven-day-per-week basis until the study was terminated. 
The monkeys were run in the same order each day. The light-
dark cycle in the colony rooms was adjusted so the monkeys 
were working during their normal day period. 
Assignment of treatments and dosii^ procedures 
On the tenth day of training with meaningful stimuli 
each monkey was randomly assigned to one of three groups: 
control, low (0.01 mg/kg) or«, high (0,10 sg/kg) dose group. 
Monkey #9, however, was assigned to the control group, be­
cause the dosing procedure depended on marshmallow ingestion 
by the monkey. 
Technical dieldrin was dissolved in absolute sthaaol in 
two COscentrâtions 20 œg/ml and 2 ag/ml for the high and low 
dose applications, respectively. Absolute ethanol was used 
for the zero dose. The appropriate volume was injected^* 
into a miniature marshmallow and fed to the monkey after he 
had eaten his daily monkey chow. 
24A 10 microliter Hamilton syringe was used. 
Manufactured by Hamilton Company, P. 0. Box 307, Whittier, 
California. 
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Subject attrition 
The 12 monkeys assigned to the study were unselected 
from the supplier. Two monkeys were not included in the 
study. Monkey # 20 would not work longer than 12 minutes in 
the test cage and was rejected before treatment assignment. 
Monkey # 15 apparently achieved the required reversal during 
the nine-day predose period. Subsequent examination of the 
raw data, however, revealed that a machine error had occurred 
which caused a reversal when none should have occurred. This 
monkey had been assigned to the control group. He was 
dropped from the stady when the machine error sas discovered. 
This subject attrition left three aonseys in the control 
group, three monkeys in the low dose group, and four monkeys 
in the high dose group. 
Analysis and display of results 
Two transformations were used as recommended by Winer 
(1962). Count data, such as number of reversals per day, 
were converted by the formula X' = Vx"+VX+1 . Each raw 
latency datua was divided into one to get the inverse trans­
form. The use of these transformations was intended to 
homogenize the within group error variance components. The 
transformed reversal data were analyzed with two parallel ap­
proaches. A tso-*ay analysis of variance design was used 
with days being the repeated measure and dosage as the other 
factor. 
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The within subject portion of the analysis was 
compromised because the variance-covariance matrix did not 
meet the underlying assumptions of the design. Several pro­
cedures were investigated to reconcile this difficulty. The 
Geisser and Greenhouse (1958) degrees of freedom correction 
was applied and lead to indeterminate conclusions, so Box's 
(1954) worst case epsilon approach was used and statistical 
significance was indicated, Lubin and Lana (1963), however, 
point out that the best sample estimate of epsilon has not 
been determined nor has the robustness of the epsilon 
techîiiquê been determined, Alternatively the Hctslling T^ 
statistic was not applied because the small animal sample sas 
not expected to estimate the population mean with the re­
quired precision. 
Lana and Lubin (1963) recommended curve fitting 
techniques as another alternative. Grant's (1956) extension 
of Alexander's (1946) curve fitting technique was used as a 
guide. Each monkey's daily performance was regressed on 
linear, quadratic and cubic orthogonal polynoBial values 
which corresponded to the days of behavior. The orthogonal 
polynomials were obtained from Anderson and Soussîaan (1963). 
A one-way analysis of variance was calculated for each 
linear, quadratic, cubic and intercept coefficient on each 
variable of interest. Each analysis tested the hypothesis 
that a given coefficient of the variable at hand (e,g, the 
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linear coefficient on number of reversals per day across the 
first 55 days of dosage) differed in terms of the dosage 
group coefficient averages. Three comparisons were made 
within each analysis: zero dose group vs high dose group; 
zero dose group vs low dose group; and zero and low dose 
groups vs the high dose group. One tailed probability levels 
were associated with these comparisons, because no evidence 
suggests that dieldrin exposure accelerates discrimination 
acquisition. 
The first 55 days of dosage were subjected to the 
foregoing analyses; nearly all of the learning acquisition 
occurred daring this period. The remaining 54 days were 
plotted for demonstration. These demonstration plots of the 
full 109 days of dosage âppêdi; iû the Results section and 
display the dosage group averages of the number of reversals 
per day or the corresponding averages of body weight. Blocks 
of five days Here scaled so the curves reflect the daily av­
erage of an individual over the five day blocks. 
The curves which reflect the data for the first 55 days 
of dosage were obtained frojs the regression coefficients and 
the orthogonal polynomial values. Six days were selected to 
be approximately eguispaced over the 55 day period. For each 
day a Y was calculated. The following products were added to 
the intercept to obtain the ï: linear coefficient times the 
linear orthogonal value, quadratic coefficient times the 
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quadratic orthogonal value and cubic coefficient times the 
cubic orthogonal value. The resulting set of Y values was 
averaged within dosage classifications and plotted on the ap­
propriate days to obtain the graphs of the first 55 days 
which appear in the Results and Discussion sections. 
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Results 
Initial bias 
Monkeys were randomly assigned to three dosage groups: 
zero = 0.00 mg/kg, low = 0.01 mg/kg and high 0.10 mg/kg. Al­
though the assignment was random, the number of trials to 
first reversal was examined for bias that would favor the 
hypothesis that dieldrin exposure slows learning acquisition. 
Table 2 presents the number of trials to first reversal for 
each monkey. Examination of these data showed that the zero 
dose group took over twice as many trials to achieve the 
first reversal when compared to the low or high dose groups. 
The low and high dose groups were comparable in number of 
trials to the first reversal. These predose learning rate 
differences do not favor the hypothesis that dieldrin expo­
sure impairs successive discrimination reversal learning. 
Reversal Data 
Table 3 presents the regression coefficients for the 
first 55 days of exposure for number of reversals per day on 
each monkey. The dosage assignment is indicated by the eord 
zerO; low or high. The multiple regression coefficient 
squared (RZ) for each monkey's set of regression coefficients 
is listed in the right columa. The Rz may be regarded as the 
proportion of each monkey's total variance summarized by the 
set of regressioû coefficients. Three monkeys, # 9, # 16 and 
# 18 had R2 of 0.022, 0.067 and 0.148 respectively. Thus 
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Table 2 
Trials to first reversal (predose performance) 
Dosage Monkey # Trials Means 
zero 9 3302 
10 1638 
19 2730 
low 11 1608 
12 385 
13 835 
high 14 1382 
16 636 
17 1469 
18 160 
zoo / 
943 
y s 
only 2.2, 6.7 and 14.8 percent, respectively of these 
animals' variance was summarised by the regression coeffi­
cients, Examination of these three monkey's reversal scores 
in Appendix A showed that their acquisition of the task was 
quite slow and intermittent* The linear coefficients and the 
intercepts for monkeys #9, # 16, and # 18 were consistent 
and representative for these monkeys. The low Rz for these 
animals was due in part to the small amount of total variance 
in the responses of these animals, because the normal amount 
\J JL «CJ- i> W J_ V <3.1, -L.O.HV/'tr JJTSWClUtK? CL O U i^/O U CB. JL dJL V/i- ^ VVf ^ d O. 
variance. 
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Table 3 
Regression coefficients for reversal data (first 55 days) 
Dosage Monk # Linear Quadratic Cubic Intercept Rz 
zero 9 -0.002 0.000 0. 000 1.051 0.022 
zero 10 0. 139 0.001 0.000 4.715 0. 888 
zero 19 0. 174 -0.001 0.000 6.114 0. 937 
low 11 0.217 -0.001 0.000 5.725 0.974 
low 12 0.127 -0.003 0. 000 6.881 0.947 
low 13 0.081 0.000 0.000 4. 139 0.760 
high 0.054 0.000 0.000 2.319 0.581 
high 16 0.006 0.000 0.000 1.231 0.067 
high 17 0.063 0.002 0.000 2. 102 0.804 
high 1 8 0. 003 0. DOG 0. 000 1. 077 0. 148 
Table 3 shows that nearly all of the variance 
attributable to regression was due to the linear coefficient 
and intercept values. Hence the quadratic and cubic coeffi-
^ «,» V n 1 MTrW af l « T* i* W -v» S_ Vi &&V ^  « 
Figure 4 indicates the rate of acquisition for the three 
dosage groups. This graph was plotted as described in the 
Methods section. It is important to note that all three 
dosage groups were tightly clustered together on the first 
day of exposure. These sisilar starting points oa the learn­
ing curves in terms of transformed reversals per day is con­
sistent with no systssatic bias in favor of a dialdrin de­
pression of learning. The tight clustering of the initial 
points of the learning curves reinforces the same point 
Figuice 4. Learning acquisition curves during 
the initial 55 days of exposure to dieldrin. The 
data poin'ûs are Î values based on the regression 
analyses. 
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mentioned in connection with the predose data in Table 2. 
Examination of figure 4 shows that the high dose group 
learned the task at a much slower rate than did either the 
low dose or zero dose groups. The low dose group appeared to 
acquire the task faster than the zero dose group. The aver­
age of the within dosage group linear coefficients determined 
the slope of each learning curve. 
The analysis of these coefficients is presented in Table 
4. The two right-most columns in the table present the Stu­
dent t (t) value and the probability of type I error (p) . 
The probability associated with the overall F is qiiits high 
at 0.16 and such sample differences often are not generalised 
to the population. Planned comparisons may be tested regard­
less of the sxyflificance level of the overall F (Wirier, 1962, 
P» 208}« The probability levels associated with all individ­
ual comparisons are one-tailed, because there is no evidence 
cr compelling rationale to suggest that dieldrin enhances 
learning or performance. The probability associated with the 
mean difference betaesn the zero and high dose groups sas 
n.in Ul^.on  ^  ha cra n  w a a  n 4» K  a  rkf 4* K  a  
and lev dose groups and the high dose group vas compared, the 
probability that this difference had occurred by chance was 
0.03. 
Table 5 presents the analysis of the intercept data. 
Hhen orthogonal polynomials are used, as in this study, the 
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Table 4 
Analysis of transformed reversal data (linear coefficients) 
Source a.fo s,s. M.S. 
dosage 
zero vs high 
zero vs low 
zero & loîî vs high 
error 
2 
1 
1 
0.02255 0.011280 
0.009261 
0.002166 
2.65 
2 . 1 8  
0.51 
1.48 
0. 16 
0. 10 
0.020530 H,aj z.zu u.uj 
7 0.02972 0.004246 
Dosage means: zero = 0.104, low = 0.142, high = 0.030 
intercepts represent the overall elevation ox the curves. 
Figure 4 shows that all three dosage groups started at the 
same place^ Table 2 indicates that the curves drawn in 
Figure 4 are due almost exclusively to the linear coefficient 
and the intercepts. Thus the intercept analysis should re­
flect the dosage group differences in the acquisition of the 
reversal task similar to the analysis of the linear coeffi­
cient analysis given in Table 4. Ssaaiisation of Table 5 
shows this to be the case. The major difference between the 
two analyses is the smaller probabilities associated sith the 
intercept aaalysiso The analysis of the linear aad intercept 
coefficients given in Tables 4 and 5 are consistent with each 
other. doth suyysst that tîîs hxgh dosage retards the 
acquisition of the reversal task. 
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Table 5 
Analysis of transformed reversal data (intercept coefficients) 
Source d.f. S.S. M.S. 
dosage 2 26.84 13.42 5.04 0.05 
zero vs high 1 8.91 1.83 0.06 
zero vs low 1 3.94 1.22 
zero & low vs high 1 22.91 2.93 0.02 
error 7 18.62 2.66 
Dosage means; zero = 3.96, low = 5.58, high = 1.68 
The low R2 shown in Table 3 for three of the ten monkeys 
in the study remotely suggests that the foregoing analysis 
may not be âppEûpïiàté, FoE this reason analysis of the ten 
monkeys* 55 day suras of the transformed reversal data appears 
in Table 6. The analyses in Tables 4 and 5 are based on the 
regression coefficients, but the analysis in Table 6 is not 
dependent on them. The probabilities associated with this 
analysis are equal or less thaa those dependent on the 
regression coefficients. This leads once again to the con­
sistent interpretation that the high dose retarded the 
acquisition of the reversal task. The analysis in Table 6 
also indicates that the analyses based on the regression 
coefficients are appropriate. 
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Table 6 
Analysis of transformed reversal data (first 55 days) 
Source d.f. S.S. M.S. 
dosage 2 1386.0 693.0 4.79 0.05 
zero vs high 1 482.6 1.83 0.06 
zero vs low 1 222.6 1.24 
zero 6 low vs high 1 1256.3 2.94 0.01 
error 7 1013.4 144.8 
Dosage means: zero = 3=959, low = 5.605, high = 1.697 
On the 56th day of dosage- the treatments were altered 
for two of the dosage groups. The zero dose group continued 
on placebos; the previously high dose group received a zero 
dose» and the previously low dose group received the high 
dose for 52 more days. The results of this alteration in 
terms of reversals per day, are shown in Figure 5. The 
dosage groups are relabeled in this graph to reflect the 
change ia dosage assignaeats. The new saaes are: zero-zero? 
los-high and high-zero. These data are the non-transformed 
group sieass sussarized over blocks of five days. It cas be 
seen that the performance of the low dose group aas not 
adversely affected by the high dose given after it acquired 
the task. The performance of the high dose group tsmàiaed 
lower than the other two groups even though dosage had been 
Figure 5. learning acquisition and mainte­
nance curves during the TO 9 ciays of dosage. Data 
points are the within dosage group averages summa­
rized across five day blocks. Means are scaled to 
reflect average individual performance. Vertical 
line indicates the change in dosage assignment. 
For example the high-zero group's dosage for data 
to the left of the line was high (0.10 rag/kg); to 
the right of the line it was zero (000 mg/kg) . 
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discontinued. The 0.73 year biological half-life of dieldrin 
(Jager, 1970) apparently resulted in appreciable body residue 
of the insecticide even though daily oral dosage was 
discontinued. 
Body weight data 
Table 7 presents the regression coefficients for the 
first 55 days of exposure for daily body weight. The # 
values, representing body weight, were computed and are dis­
played in Figure 6. The calculation procedure is described 
in the Methods section. The analysis of the linear coeffi­
cients is summarized in Table S. The overall F did not ap­
proach statistical significance. This means that gains or 
losses in body weight over the 55 day period were not related 
to the dosage assignsests. 
Table 9 shows a highly significant F ratio which clearly 
indicates a difference between the dosage groups. 
Figure 6. Body weight curves during the 
initial 55» days of exposure to dieldrin. The data 
points are Y values based on the regression analy­
ses. 
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Table 7 
Regression coefficients for body weight (first 55 days) 
Dosage Monk. # Linear Quadratic Cubic Intercept Rz 
zero 9 -0. 185354 0. 013561 -0. 001585 1 025 .00 0. 5 09 
zero 10 0. 296392 0. 001771 -0. 002826 938 .53 0. 668 
zero 19 2. 018110 -0. 011049 -0. 000153 727 .71 0. 890 
low 11 1. 014574 -0. 019819 -0. 001128 794 .60 0. 718 
low 12 0. 877128 0. 016608 -0. 001658 897 .60 0. 897 
low 13 0. 481169 0. 016304 0. 000059 783 .63 0. 717 
high ia -1. 247619 0. 022626 -0. 002322 1025 .89 0, 666 
high 16 -0. 469697 -0. 022387 -0. 00 1844 982 .96 0. 774 
high 17 -0. 025253 -0. 034563 -0. 000863 920 .27 0. 363 
high 18 1. 480303 -0. 014743 -0 . 00 2517 1109 . 87 0. 847 
Table 8 
Analysis of body weight data (linear coefficients) 
Scarce d.f» 3=5= MaS. F 
dosage 2 1.6076 0.8038 < 1 
error 7 6.7892 0.9699 
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Table 9 
Analysis of body weight data (intercept coefficients) 
Source d.f. S.S. M.S. F p 
dosage 2 8,060,753 4,030,377 383 0.001 
error 7 73,705 10,529 
Ssaainatioa of Figure 6 shows that these group differences 
existed prior to dosing, and were not dus to dieldrin expo­
sure. 
figure 7 presents the mean body weights for the three 
groups over the 109 days of dosing. The high dose group lost 
about 50 or 60 grams of body weight during the 109 days. 
nuch of this weight loss appeared after dieldrin exposure vas 
discontinued. The zero dose group also lost some weight 
during this period. There was no appreciable loss in body 
weight for the low dose group subsequent to the increased 
dosage. The weight trends do not account for the slower 
acquisition in the high dose group because the weight changes 
in the high dose group appeared after learning suppression 
was evident. These weight trends may be due to aa uakaown 
factor unrelated to dosage. 
Figure 7. Body weight curves during the 109 
days of dosage» Data points are the within dosage 
group averages summarized across 5 day blocks. 
Means are scaled to reflect average individual body 
weight. Vertical line indicates the change in 
dosage assignment. For example the low-high 
group's dosage to the left of the line was low 
([0.01 mg/kg) ; to the right of the line it was high 
(0.10 rag/icg) , 
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Other variables 
Several analyses were made of the latency data summa­
rized within the latency classes (Table 1). No statistically 
significant differences were obtained. The standard devia­
tion of each latency class was analyzed for a relation to 
dosage group; no relationships were discovered. The response 
frequency data were regressed on orthogonal polynomials, but 
the Rz was so low for most monkeys that this approach was 
abandoned. 
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Discussion 
The results of this study indicate clearly that daily 
oral doses of dieldrin at 0.10 mg/kg severely retards succes­
sive discrimination reversal learning. No learning changes 
were observed at the 0.01 mg/kg dose level. Neither exposure 
level affected the performance of the successive reversal 
discrimination task after it had been learned. 
Response latencies were not affected by dieldrin expo­
sure; neither the means nor the standard deviations of each 
monkey's response latency interacted with the dosage level. 
This null result, with respect to latency, is consistent with 
a visual discrimination study o£ sheep exposed to disldriri 
{Schnoor, 1972). The explaination offered in the sheep 
study, however, does not apply to the squirrel raonkeys; be­
cause their orientation to the intelligence panel was 
virtually constant. It is conceivable that response latency 
sight become related to dieldrin exposure in squirrel 
monkeys, if the correct and incorrect intertriai intervals 
were randosly varied about their respective mean, values from 
trial to trial-
Body weight of each monkey was not related to dosage 
level, although the iaitial body weight was quits different 
for each dosage group. This initial difference in body 
weight was aaiufcained throughout the first 55 days of expo­
sure. This was the period of time when the severe 
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acquisition decrement was demonstrated in the 0.10 mg/kg 
dosage group. There appeared to be a slight loss of weight 
in the high dose group soon after the 0.10 mg/kg dose was 
discontinued. This was followed by a period of weight gain. 
Some body weight changes occurred during the 109-day ex­
posure period. The high-zero group's downward trend in 
weight started before dieldrin exposure at 0.10 mg/kg was 
discontinued, but it became more pronounced after dosage was 
discontinued. Based on data from only this one group it 
might be suspected that daily dieldrin exposure at 0.10 mg/kg 
caused the downward trend in body weight. The persistence of 
the pesticide could be used to explain, at least ia part, the 
decline in weight after exposure was discontinued. Examina­
tion of Height trends in the other two groups, hoHe?er, casts 
doubt on the role of dieldrin exposure in the weight loss. 
There was a decline in body eeight in the zero-zero dose 
group during the same period that the high-zero group was 
losing weight. Moreover, the low-high group actually gained 
weight while undergoing exposure at the high dose level for a 
comparable period- It should not be expected that the livers 
of the low-high group were preactivated for dieldrin 
metabolism prior to their high dose exposure, because there 
is evidence that the low dose (0.01 mg/kg) is below the expo­
sure threshold for Ixver enzyze inuUctîGS (Zavos et al«, 
1967). There is an interpretation which is quite 
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speculative, but it provides an explaination of the body 
weight loss which occurred in the high-zero group. One might 
expect that frustration would be highest in the high-zero 
group because it could not solve the task, and that the frus­
tration was intense enough to depress food intake during the 
feeding period. 
During the entire period of the study all the monkeys in 
the two colony rooms were in excellent health. Dieldrin ex­
posure at 0.10 mg/kg and 0.01 mg/kg did not cause any signs 
of clinical toxicity throughout the study. This lack of 
clinical toxicity is consistent with a study by Santolucito 
and Morrison (1971)= They fed dieldrin to rhesus monkeys at 
an exposure of 0.10 mg/kg and observed no clinical toxicity 
ovêï an 18 ffiofiîlu period» 
Monkey # 9 of the zero dose group did not acquire the 
successive discrimination habit. The inclusion of this 
monkey in the study had two major effects on the analysis of 
the reversal data: depression of the mean number of reversals 
per day in the zero dose group, and inflation of the error 
terms used in the determination of the probabilities present­
ed m Tables 4, 5 and 6. Hartley^ F mas and Cochran? C tests 
(Winer? 1962, p. 93) did not indicate heterogeneity ior these 
error terms at the five percent level. In addition, the 
robustness of the F test and t test increased confidence in 
the probabilities reported in the Results section. The 
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aforementioned depression of the mean number of reversals per 
day in the zero dose group caused by monkey # 9 is apparent 
in Figure 4. For comparison Figure 8 is presented. It is 
analogous to Figure 4 except that the data of monkey # 9 were 
not included. It can be seen that the zero dose and the low 
dose groups are very similar in acquisition over the 55 days 
when monkey # 9's data is excluded. Figure 8 is regarded as 
being more representative of dieldrin's effect on successive 
discrimination reversal than is Figure 4. 
It appears that monkey # 9's data did not cause any fun-
daïsental distortion which would undercut the significance of 
the probabilities reported in the Results section, any non­
significant trend toward heterogeneous error variance would 
iiot be èxpëctèu to significantly deflate the probabilities 
obtained with the robust tests used in the analyses» Monkey 
# 9»s data do distort the graphs of the reversal data pre­
sented in the Results section» The depression of the zero 
dose group below the low dose group is caused by monkey # 9's 
data. This graphical difference caused by ose aonkey's data 
is not statistically significant, is not iaterpretable by any 
compelling rationale associated with dieldrin exposure, and 
is regarded as an artifact of the study which should be 
ignored in connection with dosage effects-
Tables 10 and 11 present analyses of the linear coeffi­
cients and intercept coefficients without monkey # 9's data. 
Figure 8. Learning acquisition curves during 
the initial 55 days of exposure to dieldrin. Data 
from the noa-learr,iing monkey in th^ zero dose group 
is excluded. The data points are Y values based on 
the regression analyses. 
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It can be seen that the probabilities are much smaller than 
in Tables 4 and 5 where monkey # 9*s data were included in 
the analysis. 
To illustrate the effect of monkey * 9 on the experimen­
tal error in the analysis of the reversal intercepts, addi­
tional computation was carried out. Ten analyses were 
performed similar to the analysis presented in Table 5. ft 
different monkey Has excluded from each analysis. Table 12 
presents the error mean squares with the indicated monkey 
removed from the analysis. It can be seen that the error 
mean square with sonksy # 9 excluded fros the analysis is 
auch lower than with any other monkey removed, another indi­
cation of monkey # 9's effect on experimental error, refers 
to the analysis presented in Table 6. The error variance 
within the zero dose group with monkey # 9 included is 
375,93; With monkey ^ 9 excluded* this shrinks to 53.94. 
The other within group error terms for this analysis are 
99,16 for the low dose and 21.06 for the high dose. 
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Table 10 
Analysis of reversal data without monkey #9 
(linear coefficients) 
Source d.f. S.S. M.S. 
dosage 2 
zero vs high 1 
zero vs low 1 
zero & low vs high 1 
0.03074 0.01537 7.10 0.020 
0.02117 3.12 0.015 
0.00025 <1 
0.03077 3.77 0.005 
error 6 0.01298 0.00216 
Dosage means: zero = 0.1565, low = 0.1420, high = 0.3050 
Table 11 
Analysis of transformed reversal data without monkey # 9 
(intercept coefficients) 
Source d.f. S.S. M.S. F t p 
dosage 
zero vs high 
zero vs low 
zero & low vs high 
error 
2 33.3441 
1 
1 
1 
6 5.9203 
16.6720 
18.5704 
0.0335 
31.7630 
0.9867 
1a q 
4.34 
< 1 
5.67 
0.005 
0.003 
0 . 0 0 1  
Dosage means: zero = 5.414, low = 5.581, high = .  6 8 2  
76 
Table 12 
Error mean squares of the reversal intercept analyses 
with the indicated monkey excluded from the analysis 
Monkey #9 #10 #11 #12 #13 #14 #16 #17 #18 #19 
M.S. 0.99 2.87 3.10 2.68 2.58 3.01 3,06 3.06 3.02 1.94 
Monkey # 9's behavior caused the zero dose group learn­
ing curve to show slower acquisition than the learning carve 
of the los dose group. Even though this îion-hypothesizsd 
difference was statistically insignificant it did reduce the 
high vs low dosage comparison. The same reducing tendency 
was operating less intensively on the comparison of the zero 
and low vs the high dosages. 
How should one interpret the difference between the 
analyses with monkey # 9 included and excluded? Which set of 
analyses should be accepted? Oae way to look at this problem 
is to consider a hypothetical study designed to test the 
effects of factor X os learning, laagine that all of the 
subjects in the esperiaent were non-learners, like monkey # 
9. Could any conclusions be drawn about the effect of factor 
X on learning? In effect the hypothesis would never be put 
to the test in the hypothetical example. The evidence for or 
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against factor X having an influence on learning would be 
non-existant. 
The present experiment may be thought of as two experi­
ments. One experiment includes only monkey #9; the results 
of this experiment do not apply to an effect on learning be­
cause learning was not studied. The evidence from monkey # 
9 is neutral with regard to the effect of dieldrin on learn­
ing. The present study with monkeys other than # 9 did pro­
vide evidence that dieldrin retards successive reversal dis­
crimination learning when the daily oral dosage is 0.10 
ffig/kg. The analyses presented in the Results section are 
negatively biased against finding a statistically signifi­
cantly result, because monkey # 9 increases the error vari­
ance. But, the influence of soiikêy # 9 should be neutral to 
the dosage differences^ In this sense the reported differ­
ences among the groups presented in the Results section may 
be accepted with somewhat greater confidence than is indicat­
ed by the probabilities. 
The question arises how did monkey # 9 pass the predose 
criterios of one reversal? Monkey # 9's ras data eere exam­
ined for the predose day of his reversal. He obtained ten 
responses correct in a row by responding to only one side. 
The hardware infrequently presented the correct stimulus on 
the same side ten times in a row. aonkey # 9's strategy was 
to respond to one side until he made an error and then he 
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would switch to the opposite side. Thus he earned a reversal 
when the machine presented the correct stimulus ten times in 
a row on one side. As can be seen in Table 2 this occurred 
after 3,302 trials. Monkey # 9 obtained four more reversals, 
at the more stringent criterion of 15 correct in a row, 
during the 109 days of dosage. This monkey typically made 
450 to 500 responses per day so it took him almost 50,000 re­
sponses to obtain the four reversals, a relatively low fre­
quency of chance reversal occurrence. 
Three approaches could be used to discourage this from 
happening in futare sork tfith this tasko The incorrect 
intertriai interval could be increased from five seconds to 
ten or even 15 seconds to further discourage indiscriminate 
responding. The second approach would be to add some addi­
tional logic which would require at least one position 
crossover within a string of responses leading to a reversal. 
The third factor would help by requiring 13 correct re­
sponses in a row before a reversal occurred during the 
predose period. Had the investigator been aware of this 
pic-blem a non-learning monkey would have been slisiaatsd from 
the subject pool before dosage assignment. One or sore of 
these alterations should eliminate the problem of chance 
reversals. This would yield results more like those present­
ed in the Discussion section as opposed to those appearing in 
the Results section. 
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Monkey # 9 was different from the other monkeys in char­
acteristics other than reversal learning. He apparently was 
in a fight while housed in a large community cage. When the 
difficulty was first observed his left eyelid was swollen 
shut and it looked like a dry, hard scab had formed over the 
eye. The monkey was caught and warm water on a bandage was 
gently held to the eye two or three times a day. Antibiotic 
eye ointment was applied after the warm water compress. It 
took about six weeks for healing to occur. Slight opacity of 
the lower portion of the cornea remained and slowly receded 
over a period of months, A veterinary opthalmologist exam­
ined the monkey's retinae and found r»o damage. Moûfcey # 9 
was moved from the community cage to an individual cage when 
his injury was discovered. It seems likely that the multiple 
handlings of monkey # 9 while treatment was in progress may 
have altered his motivational state relative to the other 
monkeys in the sazple. 
It was expected that response latency would be affected 
by dieldrin exposure, but the lack of any change indicates 
there is no evidence for a change in motivational state 
caused by the dieldrin exposure levels in this study= 
Moreover, the maintenance of discrimination performance by 
the low-high group during the 54 days of high level exposure 
{Figure 5) provides positive evidence that a motivational 
decrement was not produced by the dieldrin exposure. These 
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observations indicate that the depression of learning 
acquisition caused by the 0.10 mg/kg exposure rate is not 
secondary to a motivational change, because there is no evi­
dence for a motivational effect caused by dieldrin exposure 
at the levels used in this study. 
The fact that dieldrin exposure at 0,01 mg/kg was not 
observed to cause a learning decrement in the present experi­
ment does not necessarily mean that 0.01 mg/kg exposure is 
innocuous to successive discrimination reversal learning. In 
this study the task became solvable on the same day dieldrin 
dosage was initiated- A much more sensitive design, also 
more costlyj, would be to follow the proeedares of this study, 
add the suggested improvements and obtain a sample of monkeys 
who had earned at least one reversal during a specified 
amount of exposure to the task. Daily dieldrin exposure 
would begin but no further behavioral training would be 
conducted until the body tissues contained the maximum amount 
of dieldrin for a given daily dosage. At that point in time 
behavioral training would be initiated and the daily dosage 
of dieldrin would be continued. It is believed that behav­
ioral decrements in successive reversal discrimination due to 
dieldrin exposure would be observed well below the 0,10 mg/kg 
daily dose. This inference is based, in part, on Hunter and 
Sobinsos's (1967) study. Human volunteers ingested 0,211 mg 
of dieldrin per day. Blood dieldrin levels did not reach a 
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maximum until nearly 18 months of daily dosing occurred. If 
body weights of 70 kg are assumed, the daily dosage would ap­
proximate 0.003 mg/kg. 
This study has demonstrated a reduction in learning 
caused by a persistent organochlorine insecticide at a level 
of exposure well below that of any other study to date, and 
the potential of successive discrimination reversal in this 
regard has not yet been exhausted. It may be instructive to 
suggest reasons which may be related to this result, beyond 
those mentioned in the Introduction. Medved, Spynu, and 
Kagan (1964) suggested that learning acquisition is a more 
sensitive indicator of toxic effects thas Is thé aaiateaaaee 
of a learned task. If this is true it appears likely that 
learning acquisition is progressively more sensitive to toxic 
effects the earlier it occurs on the learning carve. This 
presented a dilemma with a tso-choice discrimination task of 
high difficulty. To initiate animals on such a task «hen 
they are quite naive, usually results in the formation of po­
sition habits yhich are resistant to extinction and ahich 
make behavioral monitoring of a learning process difficult, 
if not impossible- Setting up the stimuli presentation and 
reward contingencies to eliminate response classes V and VIII 
of Table 1 prevented the formation of resistant position 
liabxts. Tuxs made it possiuls to study stsbis Isarnxng 
acquisition behavior very early on the acquisition curve. 
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This procedure was an important aspect of the technique used 
in this study. 
Behavioral and neurophysiological information make it 
possible to speculate with some certainty about an important 
neurological site of action of low levels of dieldrin. 
Hippocampal lesions are known to disrupt successive reversal 
discrimination (Teitelbaum, 1954; Kimble, 1968). Routtenberg 
(1968) advanced the idea that the hippocampus is necessary 
for the initial stages of learning, but that it is not neces­
sary for the maintenance of a learned task. It is suggested 
that this idea is related to the inability of dieldrin to 
disrupt a learned task? even though learning acquisition can 
be suppressed by the same exposure level, as was demonstrated 
in this study. It is known that dieldrin can cause or 
precondition the brain to convulsions (VanGelder et al., 
1969). The hippocampus has the lowest threshold for 
electrically-induced seizure discharges (Blus, 1969). It has 
been determined that dieldrin affects the electrical activity 
of the hippocampus (Elsberry, 1972)» In view of the 
foregoing it appears quite likely that the hippocampus has 
the loaest threshold for dieldrin toxicosis of any brain 
structure. 
It is possible that the hippocampus is affected by 
dieldrin at exposures which do not induce liver microsomal 
enzyme induction, and that learning studies may be the only 
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way to demonstrate the toxicosis at this time. Jager (1970, 
p. 56) reports liver microsomal enzyme induction level in the 
range of 0.06-0.10 mg/kg for rhesus monkeys. The high dose 
of the present study is on the threshold of microsomal enzyme 
induction, and this level severely depressed learning 
acquisition. It appears likely that levels below the 0,10 
mg/kg exposure would disrupt learning. This is especially 
probable if dosing was carried out for several months before 
the behavioral sequence was begun. 
It has been estimated that certain classes of industrial 
workers arc exposed to dieldrin at a rate of 1*1 mg per day 
(Hayes and Curley, 1968)- assuming a 70 kg body weight this 
approximates 0,016 mg/kg per day, or about 16 percent of the 
high dose rate used in this stndy. Sassd on the results and 
suggestions presented here it seems possible that certain 
learning abilities may be reduced at this occupational level 
of exposure. This possibility is based on a rather 
circumscribed projection and is not a tightly proved conclu­
sion. Given further esperisentatios along the lines suggest­
ed earlier it should be possible to confirm or deny such a 
possible learning impairment. In any case this study has 
demonstrated that dieldrin exposure at a rate of 0.10 mg/kg 
per day had an adverse effect on successive discrimination 
reversal in the squirrel monkey. 
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Summary 
a sample of wilâ-jungle-caught 90 day conditioned 
squirrel monkeys was randomly assigned to three dosage groups 
and systematically exposed to daily oral doses of dieldrin, a 
persistent insecticide. There were three monkeys in the zero 
dose group, three in the 0.01 mg/kg group and four in the 
0.10 rag/kg group. The initial exposure period was 55 days, 
then dosage assignments for the two exposed groups were al­
tered. The group initially dosed at 0.01 mg/kg received 0=10 
mg/kg and the group first exposed to 0.10 mg/kg received 
placebos; exposure 5as continued for an additional 54 days^ 
The zero dose group received placebos for the entire 109 day 
sequence. Prior to dosage assignment the monkeys were adapt­
ed to the laboratory and given experience with segments of a 
non-spatial successive discrimination reversal task. Nine 
days before exposure was initiated, the two stimuli became 
identifiable with reward and nonreward contingencies. 
Monkeys were required to meet a reversal criterion of 10 
consecutive correct responses in a 30 minute daily session 
daring the nine-day predose period. On the day following the 
first reversal, th^ criterion was increased to 15 consecutive 
correct responses and remained so for the deration of the 
study. Dieldrin exposure began on the day following the 
nine-day predose period. 
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A regression analysis was computed for each monkey. 
Linear, quadratic, cubic and intercept values were obtained 
by regressing a transformation of the number of reversals per 
day onto orthogonal polynomial values which corresponded to 
days of exposure. The quadratic and cubic coefficients 
accounted for virtually no variance. Each linear and 
intercept set of ten values was subjected to a one-way analy­
sis of variance according to the dosage classification. The 
two analyses gave similar results. Comparisons of high vs 
low dose groups were significant (p < 0.10, and p < 0.05), 
respectively.- for the linear and intercept analyses. Low 
dose vs zero dose comparisons for both analyses did not ap­
proach statistical significance. When zero and low dose vs 
high dose comparisons aere tested they were significant (p < 
0.03, and p < 0.02), respectively, for the linear and 
intercept analyses. It was concluded that daily, oral expo­
sure to disldria at 0.10 sg/kg severely suppressed learning 
acquisition, and that exposure at a rate of 0.01 mg/kg had no 
effect in this study. Neither dose rate affected maintenance 
of the learned task. 
The high dose rate used in this study is about 16 
percent of the estimated exposure rate la selected 
occupational groups. 
Several suggestioas were discussed to iaprove the 
sensitivity of the experiment. These included modifications 
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of both the task and the experimental design. 
Circumstantial evidence was presented to implicate the 
hippocampus as being most susceptible to dieldrin toxicity. 
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Appendix À: Reversal data 
Reversals per day by dosage groups 
Zg r o Low Hig h 
#9 #10 #19 #11 #12 #13 #14 #16 #17 #18 
0 0 1 0 1 1 0 0 0 0 
0 0 0 1 1 0 0 0 0 
0 ô 0 1 2 0 1 1 1 0 
0 0 0 0 1 2 0 0 0 0 
0 0 1 0 1 1 0 0 0 0 
0 1 0 0 2 1 0 0 0 0 
1 1 1 0 3 1 0 0 0 0 
0 0 0 0 2 1 0 0 0 1 
0 0 1 0 5 1 0 G 0 0 
0 0 2 1 4 0 0 0 0 0 
0 1 3 0 4 1 0 0 G 0 
0 1 4 0 ô 2 1 ô 0 0 
0 2 5 Û S 1 G 0 Q 0 
0 2 3 1 8 2 0 0 0 0 
0 3 4 0 8 3 0 0 1 0 
0 1 4 1 7 4 0 0 0 0 
0 3 3 0 8 4 1 0 0 0 
0 2 3 1 10 4 0 1 0 0 
0 1 4 1 11 3 0 0 1 0 
0 1 5 2 7 2 0 0 0 0 
0 3 6 3 12 2 1 G 0 0 
Ci 2 3 3 10 0 1 0 0 0 
0 6 8 6 10 4 0 0 1 0 
0 4 8 7 13 3 1 0 0 0 
0 4 7 6 11 4 1 0 0 0 
1 2 7 7 11 2 1 0 0 0 
ô 6 10 10 16 1 1 1 1 0 
0 6 6 11 11 2 3 0 0 0 
0 5 11 10 14 3 0 0 0 0 
0 3 9 11 17 5 1 0 1 0 
0 4 8 10 16 9 1 0 0 0 
0 7 11 10 12 5 1 0 1 0 
0 7 14 14 17 C w» • 0 1 0 
0 5 16 17 13 5 2 0 1 0 
0 12 19 15 14 6 4 0 G 0 
0 14 21 13 20 6 2 1 1 0 
0 11 15 21 19 7 3 0 1 0 
0 11 16 21 17 5 2 0 2 0 
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Reversals per day by dosage groups 
Zeir o Low Hig h 
Honk #9 #10 #19 #11 #12 #13 #14 #16 #17 #18 
Day 
39 0 13 16 22 23 8 2 0 2 0 
UO 0 10 16 22 22 a 2 1 1 0 
41# 0 13 22 18 17 6 2 0 2 0 
42 0 17 19 22 21 9 3 0 1 0 
43 0 13 21 24 24 8 4 1 1 0 
44 0 17 21 23 21 6 3 0 1 0 
45 0 16 13 24 22 10 3 0 3 0 
46 0 16 12 26 20 5 2 1 2 0 
47 0 11 22 25 20 7 1 0 2 0 
US 0 9 23 25 18 6 0 1 3 0 
49 0 12 21 26 19 8 2 0 2 1 
50 0 7 24 20 18 8 2 0 4 Ô 
51 0 16 26 24 17 8 3 0 3 0 
52 0 16 25 23 19 7 4 1 6 0 
53 0 15 25 27 22 8 4 0 5 0 
54 0 14 26 25 19 10 6 0 6 0 
55 0 12 25 25 16 8 0 0 4 1 
56a 0 12 23 27 21 8 5 0 5 0 
57 0 15 23 29 23 8 0 1 5 0 
58 0 20 25 29 23 6 2 V 6 0 
53 0 17 23 28 23 10 !i 0 6 1 
îiSJ 0 12 26 35 20 9 5 0 9 0 
61 0 15 25 29 22 7 5 1 3 1 
62 0 14 22 27 15 11 2 0 7 0 
63 0 17 23 28 17 9 5 0 6 1 
64 0 17 25 25 21 8 5 0 7 3 
65 0 19 30 28 16 6 2 1 5 2 
66 0 17 26 30 18 9 4 0 8 4 
67 0 13 23 31 13 9 2 0 7 5 
68 0 IS 26 30 9 7 Ô 0 8 1 
69 0 14 25 30 17 9 5 1 8 0 
70 0 18 23 30 15 7 4 0 9 3 
71 0 IS 25 30 15 7 2 0 11 2 
72 0 12 27 29 17 10 3 0 9 3 
73 0 13 22 29 14 9 4 4 « •7 1 
74 0 17 29 28 16 9 3 0 8 1 
75 0 19 2-9 30 20 6 5 0 12 0 
76 5 12 26 22 20 9 2 0 4 1 
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Reversals per day by dosage groups 
Zero Low~——— ——High— 
Monk #9 #10 #19 #11 #12 #13 #14 #16 #17 #18 
Day 
77 0 8 29 28 8 9 4 0 9 2 
78 0 9 27 31 21 10 5 1 11 2 
79 0 7 28 30 18 7 4 0 10 3 
80 0 9 27 28 18 9 4 1 9 1 
81 0 11 26 31 20 11 5 0 11 0 
82 0 10 25 30 24 7 4 0 10 0 
83 1 10 21 29 19 10 3 0 10 1 
84 0 11 22 30 16 1 1 3 1 9 1 
85 0 7 25 28 20 12 4 0 7 1 
86 Ô 6 26 30 21 10 2 0 9 1 
87 0 7 27 25 19 13 2 0 13 0 
83 0 26 27 22 16 6 0 13 0 
39 0 9 29 31 21 12 7 1 13 1 
90 0 13 30 30 23 15 7 0 13 0 
91 0 9 31 30 20 12 7 0 13 1 
92 0 13 29 28 17 12 6 0 10 0 
93 0 8 27 30 23 13 6 0 11 0 
94 0 9 27 29 20 13 3 1 13 0 
95 0 11 29 25 18 13 8 0 14 0 
96 0 7 25 31 23 14 6 0 11 1 
97 0 10 2iS 29 24 10 3 0 9 1 
5S 0 10 27 og 25 1 6 5 ft 13 Ù 
99 0 6 29 29 22 13 5 1 10 0 
100 0 12 27 25 22 12 3 0 11 0 
101 0 7 27 28 22 11 6 0 11 0 
102 1 10 27 29 21 13 6 0 7 0 
103 0 6 23 2y 20 11 6 0 12 1 
104 0 10 31 32 24 11 5 1 11 0 
105 0 6 23 30 17 13 9 0 8 0 
106 0 5 29 30 16 11 3 0 12 0 
107 0 6 27 30 16 12 3 0 12 0 
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Reversals per day by dosage groups 
————2ero~~~~ ————— jj — 
Monk #9 #10 #19 #11 #12 #13 #14 #16 #17 #18 
Day 
108 0 7 29 30 15 14 5 1 6 0 
109 0 8 25 29 21 10 6 1 9 0 
^ Monkey # 18«s incorrect ITI increased from five 
seconds to eight seconds for fifteen days, then back to five 
seconds. 
aDose assignments altered beginning on this day. 
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àppsndis B; Body Height data 
Body weight per day by dosage groups 
————Zero~~~~~ —————Low—"—— ——————High—————— 
Monk #9 #10 #19 #11  #12 #13 #14 §16 #17 #18 
Day 
1 1042 951 680 771 890 792 1087 1006 925 1072 
2 1039 944 674 769 893 769 1064 996 919 10 /O 
3 1041 944 672 769 895 771 1070 993 927 1076 
ti 1037 936 681 766 887 773 1068 986 916 1079 
5 1036 940 680 765 882 775 1065 988 913 1076 
6 1039 950 676 763 880 771 1056 985 909 1074 
7 1034 929 680 770 882 781 1057 983 903 1074 
8 1031 923 677 763 882 777 1060 983 901 1078 
9 1025 925 678 765 877 775 1063 986 903 1075 
10 1027 918 690 772 879 775 1050 985 902 10/6 
11 1026 SIS $39 763 872 780 1060 990 902 1080 
12 1026 925 697 7 83 881 778 104 S 994 906 1089 
13 1027 927 700 779 880 782 1046 y 94 914 1091 
14 1020 929 696 783 877 783 1037 991 900 1090 
15 1022 929 697 783 875 775 1027 981 915 1090 
16 1025 929 697 783 876 777 1028 978 945 1094 
17 ï021 929 702 777 876 782 102S 987 912 1089 
18 1017 930 701 780 887 771 1023 981 921 1095 
19 1017 924 707 782 883 777 1022 982 948 1102 
20 1022 921 713 7 80 889 779 1033 979 927 1095 
2Î 1020 522 719 784 885 777 926 982 931 1096 
22 1Û22 925 755 595 1033 SG4 5 V J"»-* 
23 1024 930 733 792 893 772 1037 983 931 1059 
24 1025 932 732 791 895 779 1038 985 93 1092 
25 1013 933 739 796 891 769 1028 985 931 1103 
26 1015 943 733 804 911 772 1030 997 936 1097 
27 1018 942 733 802 892 782 1032 995 941 1104 
28 1016 943 739 807 896 786 1031 998 934 1103 
29 1017 946 735 827 904 781 1034 1008 935 1104 
30 1013 941 726 797 898 776 1019 993 924 1093 
31 1014 945 730 802 886 774 1022 985 925 1092 
32 1012 948 727 800 887 777 1021 387 921 1097 
33 1015 944 727 800 891 774 1013 989 921 1143 
34 1020 937 738 800 897 776 1016 984 936 1148 
35 1046 939 738 792 897 778 1007 982 927 1151 
36 1031 945 742 851 91S 779 1010 951 932 1143 
Jt 1037 947 /46 805 911 756 1010 9SÔ 932 1140 
38 1037 945 751 797 906 792 1017 985 922 1140 
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Body Height per day by dosage groups 
Zero~~~~"" Low{jigh~'~'~~~"~"""" 
Honk #9 #10 #19 #11 #12 #13 #14 #16 #17 #18 
Day 
39 1033 951 755 800 907 786 1018 981 926 1142 
40 1024 947 AS5 804 909 790 1016 983 326 11 %2 
41 1025 956 758 854 911 788 1016 982 932 1148 
42 1028 960 758 819 919 796 1018 981 933 1149 
43 1027 967 763 814 921 796 1019 991 931 1143 
44 1035 955 769 812 923 794 1016 984 927 1143 
45 1029 949 766 806 922 788 1024 984 909 1145 
46 1021 951 762 802 914 790 1009 973 305 1137 
47 1021 941 802 762 914 789 1004 970 901 1133 
48 1025 939 777 813 915 800 1003 97 0 900 1136 
49 1013 932 778 807 918 800 1001 965 900 1130 
50 1017 934 704 305 918 800 1002 964 902 1133 
51 10:^5 §36 780 805 S20 800 996 961 506 1143 
52 1018 944 779 810 925 803 996 958 911 1124 
53 1022 943 783 808 923 802 996 956 910 1124 
54 1018 942 783 820 918 803 998 955 912 1117 
55 1022 932 778 813 917 798 984 955 916 1147 
56 1020 937 777 815 923 797 982 949 920 1136 
57 1024 937 772 807 915 799 975 950 915 1125 
58 1017 942 773 805 916 796 974 950 920 1128 
59 1024 948 773 800 SOI 987 937 923 1122 
^ A W 557 n c c -y «jf -5Tii -1 aj« Gig 305 9S7 953 92? 1112 
61 979 943 768 793 912 802 969 951 936 1110 
62 1008 959 773 800 911 800 981 956 939 1107 
63 1027 948 768 797 911 800 966 949 929 1103 
64 1012 946 770 795 911 808 965 948 933 1102 
65 1011 946 773 797 907 802 560 952 938 1102 
66 1000 944 781 787 911 796 960 945 935 1102 
67 1005 947 775 794 905 803 967 949 933 1101 
68 1017 943 772 795 965 800 952 950 936 1069 
69 1014 940 774 792 930 809 955 959 941 1061 
70 1004 329 770 792 9 IS SS9 954 958 931 1059 
71 1016 929 771 794 312 ol o 'J66 956 931 1064 
72 1005 927 780 788 905 812 958 953 928 1049 
73 1008 929 783 790 908 816 964 957 937 1048 
74 1013 S31 790 790 903 S11 965 954 929 1049 
75 1GG7 325 779 7 S3 908 811 962 952 937 1051 
76 1018 922 772 7 87 909 807 957 952 925 1052 
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Body weight per day by dosage groups 
Zero ——— I«o w— —————High 
Monk #9 #10 #19 #11 #12 #13 #14 #16 #17 #18 
Day 
77 994 923 772 778 893 800 952 952 916 1048 
78 935 934 73 H 777 892 813 362 951 913 10'49 
79 995 937 779 779 896 816 966 948 917 1049 
80 1000 929 777 780 897 809 959 951 918 1049 
81 990 933 775 779 894 814 968 949 917 1040 
82 992 92b 789 775 896 812 954 951 908 1030 
83 993 934 773 769 888 809 952 948 910 1023 
84 986 927 772 771 895 810 943 941 313 1022 
85 988 924 78 5 775 888 812 942 944 911 1018 
86 991 932 773 781 890 817 945 945 907 1022 
87 984 929 766 781 892 811 948 943 911 1021 
88 983 925 764 788 894 810 947 942 912 1023 
89 9"? 3 9^ / 776 780 SGI 817 S4a 935 904 1021 
90 979 936 787 781 896 813 956 933 910 1018 
91 975 919 773 793 898 813 953 933 906 1021 
92 979 925 800 799 895 818 956 937 913 1026 
93 974 927 775 797 903 818 957 939 909 1019 
94 968 909 769 791 916 811 955 941 905 1016 
95 971 908 768 798 912 820 957 940 307 1015 
96 970 914 777 797 918 821 953 941 904 1012 
97 978 924 790 802 916 824 956 951 910 1015 
98 972 921 AAA 908 f.i7 qua 3GQ 1013 
99 979 928 787 805 918 815 958 945 907 1019 
100 977 938 786 807 925 823 963 952 904 1022 
101 1003 926 776 802 922 815 962 943 900 1020 
102 978 935 792 806 922 822 960 940 908 1031 
103 978 335 77 6 SOS SIS 812 952 942 909 1027 
104 981 940 782 806 910 816 950 937 911 1034 
105 980 943 783 808 914 817 952 941 917 1035 
106 980 9 %2 778 806 916 812 951 935 921 1027 
107 986 949 780 813 915 813 950 937 926 1035 
108 988 9^3 775 811 922 808 952 937 935 1025 
109 984 943 775 512 928 815 958 937 531 1026 
